Abstract. DC grid has been treated as a viable solution to solve green-house effect and reduce the cost of fossil fuels. Compared with AC grid, DC grid shows many inherent advantages. However, over current protection for DC grid require fast response. To solve this problem, solid state DC circuit breakers need to be promoted. In this paper, thermal property was taken into consideration to find the most suitable semiconductor devices. Per unitized thermal resistance of the heat sink to the ambient was used to find the reasonable conducting current.
Introduction
With the rapid development of power system, modern power system is facing a series of new contradictions and problems, but it is also faced with unprecedented challenges. In high voltage and medium voltage field, there are only high voltage DC circuit breaker which can transfer or breaking load current of the high voltage DC circuit breaker [1] . There are some companies did the research of the circuit breakers which can interrupt short circuit fault current. The DC solid state circuit breakers are developed with the technique of power electronic devices. In 1990s，a solid state switches with thyristors appeared. After that, the appearing of fully controllable devices such as integrated gate commutated thyristor (IGCT), insulated gate bipolar transistor (IGBT), etc makes further development of DC solid state circuit breakers. At present, solid-state DC circuit breakers based on power electronic devices can be divided into hybrid DC circuit breakers and solid-state DC circuit breakers [2] . For all solid-state DC circuit breakers, although breaking time is short, there are high expense, high on-state loss, limited capacity of single device and other shortcomings. The continuous development of semiconductor devices, the reduction of devices losses, and the improvement of capacity provide a good foundation for the development of DC solid state circuit breakers. This paper is aimed to develop medium voltage DC solid circuit breakers. Based on the existing power electronic devices. It is necessary to series and parallel semiconductors to achieve medium voltage DC solid circuit breakers.
Device Selection
This paper is aimed at a medium voltage DC solid state circuit breakers, one thing need to be taken into consideration is its on state loss. For the devices need to be selected, the nominal voltage of each device is kilo volts level, and has an on-state voltage drop in the order of some volts. This means constant losses in the kilowatt range when conducting some hundred amperes. Every device has a nominal operation temperature, usually the maximum temperature is no more than 150℃. Because the resistance is proportional to the temperature, to achieve lower on state loss, it is important to keep the devices under a reasonable temperature. The value for RT resistance can be easily calculated from the IGBT output characteristic curve from the datasheet. The average conduction loss by IGBT is calculated by the following equation:
After we get the value of conduction loss, we can start calculating the value of the thermal resistance between the heat sink and the ambient. The value of the thermal resistance Rsa can be easily get from the following equation:
Thermal Resistance
The value of Tjmax, Rjc and Rcs can be got from the date sheet, and Pcond can be calculated from equation (2). After we get the value of R SA we should per unitize it to check the thermal property of this condition. As the thermal resistance is inversely proportional to area, to find the thermal resistance of a certain area cold plate, we should multiply the area (in square inch) of the cold plate. The purpose of calculating the R SA is that it is a value to show whether the certain conduction loss caused by a certain value of a current can meet the requirement of the thermal property. When the conducting current is so big, it will cause the cooling system cannot cool the heat through the device. around 0.1-0.2 in per unitize. The lower the value the higher requirement of the cold plate. If the value of RSA is lower than performance of the semiconductors and reduce the lifetime of devices. This will lead to devices overheated which may damage the From [3] we can know that the reasonable value of R SA is 0.1 this means the big pressure for the cold plate. This will cause the cold plate thicker of the cooling water runs much faster, which is not reality. So when the value of R SA smaller than 0.1, Ic should be decreased. The existing cooling system The existing cooling system cannot meet the thermal requirement or cool the heat which generated by that current value. The strategy of finding the proper conducting current value is: If it is less than 0.1, reduce the current value if it is greater than 0.1, increase the current value.
In newer datasheets thermal interface resistance (Rth(c-h)) is usually stated separately for IGBT and Diode. This is a more realistic simplification if the cross-talk between IGBT and Diode is considered which shown in Figure 1 . Nevertheless if for some reason Rth(c-h) for the full module is needed, but the datasheet specifies it separately for IGBT and Diode, a simple parallel connection can be done using Equation (5) 
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Thermal Equivalent Network
The heat flow can be modeled by analogy to an electrical circuit where heat flow is represented by current, temperatures are represented by voltages, heat sources are represented by constant current sources, and absolute thermal resistances are represented by resistors and thermal capacitances by capacitors, as shown in Figure 2 . 
Efficiency Calculation
From the literature [4] we know that parallel semiconductors can increase the efficiency of the circuit breakers, so after meet the requirement of the thermal requirement, the efficiency of the devices also need to be taken into consideration. Because the rating system capacity is 40MW, the efficiency should be high enough to reduce the conduction loss. The efficiency should greater than 99.99, even that the value of the conduction loss is still not a little number. In order to achieve that, we can lower the current of every single semiconductor and parallel more modules. The efficiency of the circuit breaker is given as, 40MW Efficiency= total loss+40MW
(6)
Device Selection
After the basic knowledge of thermal property and the efficiency calculation we can use the methods above to select proper devices. Things need to be taken into consideration when select semiconductor for medium voltage DC solid state circuit breakers are rating voltage, rating current, thermal properties, efficiency and the number of the devices. The rating voltage is 20kV, current rating is 2000A, and system capacity rating is 40MVA. Table 1 is the result of the thermal property calculation. According to the calculation result we can see that IGBT is the most suitable devices considering the thermal property and the number of the semiconductor. After thermal calculation we need to do the efficiency calculation, and the efficiency should greater than 99.99. In order to achieve that, we can lower the current of every single IGBT and parallel more modules. After calculation, Infineon 6.5kV 750A is the most suitable device. The number of device is 6 modules in series, 2 branches in parallel, which makes its total number 12. 
